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$VVHVVLQJ(PHUJLQJ$XWRPRWLYH7HFKQRORJLHVIRUWKH)XWXUH

$XURELQGK.DODWKLO3XWKDQSXUD5DIDD.KDOLID/HRQJ&KDQ
'HSDUWPHQWRI(QJLQHHULQJDQG7HFKQRORJ\0DQDJHPHQW3RUWODQG6WDWH8QLYHUVLW\3RUWODQG2UHJRQ±86$

Abstract$ VFHQDULREDVHG PXOWLDWWULEXWH GHFLVLRQPDNLQJ
0$'0PHWKRGRORJ\KDVEHHQGHYHORSHGDQGDSSOLHG IRU WKH
VHOHFWLRQRIDXWRPRWLYHWHFKQRORJ\7KHSUHVHQWVWXG\GLVFXVVHV
ZKDWDUH WKHSUREOHPV IRU WKHFXUUHQWDXWRPRWLYH WHFKQRORJLHV
DUH ZKDW UHTXLUHPHQWV DUH RXWOLQHG LQ WKH OLWHUDWXUHV DQG
JRYHUQPHQW JXLGHOLQHVSXEOLFDWLRQV FRQVLGHULQJ GLIIHUHQW
DVSHFWVRIWHFKQRORJLFDOQHHGVSXEOLFQHHGVSROLF\PHDVXUHVHWF
$ VHW RI FULWHULD DUH GHYHORSHG ZKLFK FRYHU PXOWLSOH
SHUVSHFWLYHV UHIOHFWLQJ WKH GLYHUVH VWDNHKROGHUV LQ WKH
WHFKQRORJ\DVVHVVPHQWDFTXLVLWLRQDQGDGRSWLRQLQWKLVFDVHWKH
JRYHUQPHQW WKH JHQHUDO SXEOLF ZKLFK LQFOXGHV GULYHUV DQG
SHGHVWULDQV DXWRPRELOH PDQXIDFWXUHUV 7KUHH HPHUJLQJ
WHFKQRORJLHV 9HKLFOHWR9HKLFOH FRPPXQLFDWLRQ 9HKLFOHWR
,QIUDVWUXFWXUH DQG )XOO DXWRQRPRXV ZHUH LGHQWLILHG DQG
HYDOXDWHGEDVHGRQ WKHPHQWLRQHGFULWHULDXVLQJ7HFKQLTXH IRU
2UGHURI3UHIHUHQFHE\6LPLODULW\WR,GHDO6ROXWLRQ7236,6D
PXOWLFULWHULDGHFLVLRQWRRO6LQFHWKHWHFKQRORJLHVDUHVWLOOEHLQJ
GHYHORSHG DQG VRPH DUH EDUHO\ HPHUJLQJ LW LV FRQVLGHUHG
DSSURSULDWHWRXVHVSHFXODWLYHYDOXHVIURPWKHSXEOLFDWLRQVIURP
LQGXVWU\ DQG RWKHU FUHGLEOH VRXUFHV DQG FRQVLGHU PXOWLSOH
VFHQDULRVHDFKRIZKLFKFRXOGRFFXU,QRXUFDVHZHFRQVLGHUHG
PDLQVFHQDULRVDQGHYDOXDWHGWKHWKUHHWHFKQRORJ\FDQGLGDWHV
XQGHUHDFKRIWKHP

,,1752'8&7,21

6HYHUDO UHVHDUFKHV LQ ,QWHOOLJHQW 7UDQVSRUWDWLRQ V\VWHP
,76DVVXPHWKDWYHKLFOHVZLOOEHDEOHWRFRPPXQLFDWHVSHHG
DQG ORFDWLRQ GDWD WR URDGZD\ LQIUDVWUXFWXUH DQG WR RWKHU
YHKLFOHV ,QWHOOLJHQW WUDQVSRUW V\VWHPV YDU\ LQ WHFKQRORJLHV
DSSOLHG UDQJLQJ IURP PDQDJHPHQW V\VWHPV VXFK DV WUDIILF
VLJQDO FRQWURO V\VWHPV FDU QDYLJDWLRQ YDULDEOH PHVVDJH
VLJQV FRQWDLQHU PDQDJHPHQW V\VWHPV DXWRPDWLF QXPEHU
SODWH UHFRJQLWLRQRU VSHHGFDPHUDV WRPRQLWRU DQG WRPRUH
DGYDQFHG DSSOLFDWLRQV WKDW LQWHJUDWH OLYH GDWD DQG IHHGEDFN
IURPDQXPEHURIRWKHUVRXUFHVVXFKDVLQIRUPDWLRQV\VWHPV
SDUNLQJJXLGDQFHZHDWKHULQIRUPDWLRQGHLFLQJV\VWHPVDQG
WKH OLNH 86 'HSDUWPHQW RI 7UDQVSRUWDWLRQ GHILQHG
,QWHOOLJHQW7UDQVSRUWDWLRQ6\VWHPV,76LQWKHLUILQDOUHSRUW
$SULO  DV WKH DSSOLFDWLRQ RI DGYDQFHG LQIRUPDWLRQ DQG
FRPPXQLFDWLRQVWHFKQRORJ\WRVXUIDFHWUDQVSRUWDWLRQLQRUGHU
WR DFKLHYH HQKDQFHG VDIHW\ DQG PRELOLW\ ZKLOH UHGXFLQJ WKH
HQYLURQPHQWDO LPSDFW RI WUDQVSRUWDWLRQ 7KH DGGLWLRQ RI
ZLUHOHVV FRPPXQLFDWLRQ V\VWHPV RIIHUV D SRZHUIXO DQG
WUDQVIRUPDWLYH RSSRUWXQLW\ WR HVWDEOLVK WUDQVSRUWDWLRQ
FRQQHFWLYLW\ WKDW IXUWKHU HQDEOHV FRRSHUDWLYH V\VWHPV DQG
G\QDPLF GDWD H[FKDQJH XVLQJ D EURDG UDQJH RI DGYDQFHG
V\VWHPVDQGWHFKQRORJLHV>@
6LJQLILFDQWGHYHORSPHQWVLQWKH,763URJUDPRFFXUUHGLQ
DVWKHHQJLQHHULQJUHVHDUFKFRQGXFWHGXQGHUWKH9HKLFOH
,QIUDVWUXFWXUH ,QWHJUDWLRQ 9,, SURJUDP FRQFOXGHG DQG D
SURJUDP IRFXVHG RQ GHSOR\PHQW ZDV VWDUWHG 7KH 9,,
UHVHDUFK SURJUDP KDG EHHQ FUHDWHG LQ  WR VWXG\ WKH
SRWHQWLDO RI XVLQJ GHGLFDWHG VKRUWUDQJH FRPPXQLFDWLRQV
'65&²ERWK EHWZHHQ YHKLFOHV DQG WKH URDGZD\²WR
VLJQLILFDQWO\LPSURYHURDGVDIHW\9,,SURRIRIFRQFHSWWHVWHG
LQ  GHPRQVWUDWHG WKH YLDELOLW\ RI *+] '65&EDVHG
VDIHW\ DSSOLFDWLRQV LQ EURDGVSHFWUXP EXW OHIW RSHQ PDQ\
TXHVWLRQV LQFOXGLQJ KRZ '65& WHFKQRORJLHV ZRXOG ILQG
WKHLU ZD\ LQWR YHKLFOHV DQG WKH WUDQVSRUWDWLRQ LQIUDVWUXFWXUH
7RGD\
V ,76 3URJUDP EXLOGV IURP WKH ZRUN XQGHU 9,, EXW
ZLWK D QXPEHU RI LPSRUWDQW GLIIHUHQFHV DV LOOXVWUDWHG LQ
$SSHQGL[WDEOH
9HKLFOHVKDYHLQFUHDVLQJO\HIIHFWLYHGULYHUDVVLVWDQFHDQG
SURWHFWLRQ PHFKDQLVPV 9DULRXV RQERDUG FRQWUROV DQG
LQIRUPDWLRQVRXUFHVDOORZWKHGULYHUWRFXVWRPL]HKHUGULYLQJ
H[SHULHQFH DQG UHPDLQ XS WR GDWH RQ WKH YHKLFOH VWDWXV
3DVVLYH VDIHW\ PHFKDQLVPV SURWHFW WKH SDVVHQJHUV DQG WKH
YHKLFOH DJDLQVW DGYHUVH GULYLQJ FRQGLWLRQV HJ DQWLORFN
EUDNLQJV\VWHPV$%6QDYLJDWLRQV\VWHPVFRPSDVVHVUHDU
DQGIURQWSDUNLQJUDGDUVDQGFDPHUDVDUH WKHPRVWFRPPRQ
DPRQJ DXWRQRPRXV VHQVRU WHFKQRORJLHV 5HFHQW
WHFKQRORJLFDO GHYHORSPHQWV ZLUHOHVV FRPPXQLFDWLRQ
QRWDEO\ LQ PRELOH FRPSXWLQJ DQG UHPRWH VHQVLQJ DUH QRZ
SXVKLQJ LQWHOOLJHQW WUDQVSRUWDWLRQ V\VWHPV ,76 WRZDUG D
PDMRU OHDS IRUZDUG 9HKLFOHV DUH DOUHDG\ LQWHJUDWHG ZLWK
VRSKLVWLFDWHG FRPSXWLQJ V\VWHPV DQG RQERDUG VHQVRUV HDFK
GHGLFDWHGWRRQHSDUWRIWKHFDUVRSHUDWLRQ7KHQHZHOHPHQW
LV DGGLWLRQ RI QHZ ZLUHOHVV FRPPXQLFDWLRQ FRPSXWLQJ DQG
VHQVLQJFDSDELOLWLHV ,QWHUFRQQHFWHGYHKLFOHVQRWRQO\FROOHFW
LQIRUPDWLRQDERXWWKHPVHOYHVDQGWKHLUHQYLURQPHQWEXWWKH\
DOVRH[FKDQJHLQIRUPDWLRQLQUHDOWLPHZLWKRWKHUQHDUE\LQ
SULQFLSOH YHKLFOHV >@ 7KH GHYHORSPHQW RI YHKLFOH
FRPPXQLFDWLRQV LVPRUH DFWLYH LQ(XURSH86$ DQG -DSDQ
,Q(XURSH(VDIHW\UHVHDUFKSURJUDPIURP(8,QWHOOLJHQW&DU
,QLWLDWLYH DQG LQGXVWU\ GULYHQ SURMHFW 99 &RPPXQLFDWLRQ
&RQVRUWLXP DUH VRPH RI WKH OHDG DFWRUV ,Q 86 WKH 9,
WHFKQRORJ\DQGWKH&DOLIRUQLD3DUWQHUVIRU$GYDQFHG7UDQVLW
DQG +LJKZD\V 3$7+ ,Q -DSDQ WKH $GYDQFHG 6DIHW\
YHKLFOH $69 3URJUDP DUH QRWDEOH DQG VRPH WHVWLQJ KDV
EHHQFRQGXFWHGLQWKLVUHJDUG$PRQJWKH$69WHFKQRORJLHV
DGDSWLYHFUXLVHFRQWURO$&& ODQHNHHSLQJVXSSRUWV\VWHP
DXWRPDWLF EUDNLQJ V\VWHP IRU UHGXFLQJ LQMXU\ FXUYH
RYHUVKRRWLQJ SUHYHQWLQJ VXSSRUW V\VWHP DQG QLJKW WLPH
IRUZDUG SHGHVWULDQ DGYLVRU\ V\VWHP DUH QRZ DYDLODEOH LQ
PDUNHW:KLOHVRPHQHZWHFKQRORJ\LGHDVDUHXQGHUUHVHDUFK
DQGRWKHUVDUHDWGULYLQJWHVWVWDJH>@
&RQVLGHULQJ WKH SUREOHPV DQG GHYHORSPHQW LQ WKH
DXWRPRWLYHLQGXVWU\ZHKDYHGHYHORSHGDQGDSSOLHGVFHQDULR
EDVHG PXOWLDWWULEXWH GHFLVLRQPDNLQJ 0$'0
PHWKRGRORJ\IRUWKHVHOHFWLRQRIDXWRPRWLYHWHFKQRORJ\7KLV
ZRXOG EH WKH PDLQ IRFXV RI WKH SDSHU DQG UHPLQGHU RI WKLV
SDSHU LV RUJDQL]HG LQ  VHFWLRQV 6HFWLRQ  UHYLHZV WKH
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
OLWHUDWXUH 6HFWLRQ  GHVFULEHV WKH PHWKRGRORJ\ WKDW KDYH
EHHQ XVHG WR FRQGXFW WKH VWXG\ FDQGLGDWH WHFKQRORJ\ GDWD
FROOHFWLRQ DQG WKH VFHQDULR DQDO\VLV H[SODQDWLRQV 6HFWLRQ 
GHWDLOV WKH HPSLULFDO UHVXOWV RI WKH DQDO\VLV DQG IROORZHGE\
GLVFXVVLRQ RI WKH UHVXOWV FRQFOXVLRQ DQG IXWXUH UHVHDUFK DUH
RXWOLQHG

,,/,7(5$785(5(9,(:

,Q WKH SDVW  \HDUV VLQFH WKH ILUVW DXWRPRELOH ZDV
LQYHQWHGDURXQG>@SHRSOHKDYHQHYHUVWRSSHGVHHNLQJ
QHZ PHDQV WR LPSURYH YHKLFOHV WUDIILF WUDQVSRUWDWLRQ
V\VWHPV IRU HIILFLHQF\ VDIHW\ HQYLURQPHQWDO VXVWDLQDELOLW\
DQG FRPIRUW >@ 0DQ\ HIIRUWV KDYH EHHQ XQGHUWDNHQ E\
YHKLFOHPDQXIDFWXUHV WRPLWLJDWH URDGDFFLGHQWVE\ IRFXVLQJ
RQERWKDFWLYHDQGSDVVLYHVDIHW\V\VWHP7KHPDLQSXUSRVH
RIWKHVHHIIRUWVWRDFKLHYHUHDVRQDEOHUHGXFWLRQRIURDGGHDWKV
>@ >@ 7KLVKDVSULPDULO\ EHHQ DFKLHYHGE\ DSSOLFDWLRQRI
FRPPXQLFDWLRQ WHFKQRORJ\ DORQJ ZLWK YHKLFXODU
HQYLURQPHQWV VXFK DV DQWLFROOLVLRQ ZDUQLQJ SUREH GDWD
FROOHFWLRQV LQWHUVHFWLRQ VDIHW\ DQG WUDIILF LQIRUPDWLRQ >@
9DULHG W\SHV RI FRQWURO V\VWHPV DQG LQIRUPDWLRQ VRXUFHV
SURYLGHV GULYHU ZLWK WKH RSSRUWXQLW\ WR FXVWRPL]H KLVKHU
GULYLQJ H[SHULHQFH DQG UHPDLQ XS WR GDWH RQ WKH YHKLFOH
VWDWXV SDVVLYH VDIHW\ PHFKDQLVPV WR SURWHFW WKH SDVVHQJHUV
DQGWKHYHKLFOHDJDLQVWDGYHUVHGULYLQJFRQGLWLRQVHJDQWL
ORFN EUDNLQJ V\VWHPV 1DYLJDWLRQ V\VWHPV UHDU DQG IURQW
SDUNLQJ FDPHUDV DQG UDGDUV DUH WKH PRVW FRPPRQ DPRQJ
DXWRQRPRXV VHQVRU WHFKQRORJLHV IRU WKH DERYH VDLG SXUSRVH
>@ &RPPXQLFDWLRQ IRU9HKLFOH WR ,QIUDVWUXFWXUH 9, XVH
YHKLFOH DQG WKHLU VHQVRUV DV VRXUFHV IRU WUDIILF FRQWURO
PHDVXUHPHQW &RPPXQLFDWLRQ IRU ,QIUDVWUXFWXUH WR 9HKLFOH
,9 SURYLGH YHKLFOHV DQG GULYHUV LQIRUPDWLRQ UHODWHG WR
VDIHW\ DQG LQIUDVWUXFWXUH ZKLFK DUH UHDOWLPH SHUVRQDOL]HG
PRUH DFFXUDWH DQG UHOLDEOH WKDQ WKDW FXUUHQWO\ SURYLGHG RQ
906 UDGLR HWF >@ 2QH RI LPSRUWDQW IHDWXUHV RI
DXWRPRWLYH WHFKQRORJLHV LV VDIHW\ 6DIHW\ DSSOLFDWLRQV
PLQLPL]H WKH ULVN RI DFFLGHQWV DQG PRVW LPSRUWDQW UHGXFH
WKH VHYHULW\ RI WKH DFFLGHQW LI LW VWLOO RFFXUV LQFLGHQW
PDQDJHPHQW FROOLVLRQ DYRLGDQFH HWF >@ ,Q HPHUJHQF\
VLWXDWLRQV D GULYHU W\SLFDOO\ UHOLHV RQ WKH RWKHU FDU GULYHU
UHDFWLRQ WKDW VKRZV E\ WKH WDLO EUDNH OLJKW RI WKH FDU
LPPHGLDWHO\ DKHDG WR GHFLGH KLVRUKHURZQEUDNLQJ DFWLRQ
8QGHU W\SLFDO URDG FRQGLWLRQV WKLV LV QRW DOZD\V WKH EHVW
FROOLVLRQ DYRLGDQFH VWUDWHJ\ IRU YDULRXV UHDVRQV >@
)XUWKHUPRUH DV QRWLFHG DQG UHSRUWHG LQ VRPH SUHYLRXV
UHVHDUFKLQPDQ\FDVHVWKHDELOLW\WRGHWHFWHPHUJHQF\HYHQW
RFFXUULQJDWVRPHGLVWDQFHDKHDGLVOLPLWHGE\WKHLQDELOLW\RI
GULYHUV WR VHH SDVW WKH YHKLFOH LQ IURQW RI WKHP $OVR IXHO
HIILFLHQF\ IHDWXUHV DV RQH RI LPSRUWDQW IDFWRUV WKDW OHDGV WR
GHYHORSPHQW DQG LPSURYHPHQW RI DXWRPRWLYH WHFKQRORJ\
8QGHU WKH (QHUJ\ SROLF\ FRQVHUYDWLRQ $FW (3&$ ZKLFK
HVWDEOLVKHG PDQGDWRU\ IXHO HFRQRP\ VWDQGDUGV IRU DOO QHZ
DXWRPRELOHVVROGLQWKH8QLWHG6WDWHV>@0RUHRYHUFDOOHG
WKH&RUSRUDWH$YHUDJH)XHO(FRQRP\&$)(ZHUHGHVLJQHG
WRLQFUHDVHWKHLQFHQWLYHIRUDXWRPRWLYHSURGXFHUVWRLPSURYH
IXHOHIILFLHQF\EH\RQGWKDWGLFWDWHGE\PDUNHWIRUFHV,WDOVR
LQGLFDWHGWKDWDOODXWRPRELOHSURGXFHUVZLWKVDOHVLQWKH86
PDUNHW ZHUH HQIRUFHG WR FRPSO\ XQGHU WKH &$)( SURJUDP
WKH\PXVWPHHWDPLQLPXPDYHUDJH IXHOHIILFLHQF\VWDQGDUG
>@7KHFRVWSHQDOW\LVHVSHFLDOO\VXEVWDQWLDOIRUWKHORZWR
PRGHUDWHFRQWHQW YHKLFOHV WKDW KDYH GRPLQDWHG PRVW
DXWRPRELOH PDQXIDFWXUHUV¶ UHFHQW SURGXFWLRQ YROXPHV 7KLV
FRVW WUDGHRII LV RQH RI WKH NH\ FRPSRQHQWV RI VWDQGDUG
ILQDQFLDO DQDO\VLV XVHG WR HYDOXDWH QHZ WHFKQRORJLHV LQ WKH
LQGXVWU\ >@7KH FRVW RI DGYDQFHG WHFKQRORJ\FRPSRQHQWV
UHTXLUHGIRUDXWRPDWLRQLVJUHDWHUIRUKLJKHUFRQWHQWOHYHOV
$XWRQRPRXV WHFKQRORJLHV KDYH EHHQ GHYHORSHG RYHU
VHYHUDO GHFDGHV WR VXSSRUW KXPDQ GULYHUV 6RPH RI WKHVH
WHFKQRORJLHV LQFOXGH DQWLORFN EUDNH V\VWHP WUDFWLRQ DQG
FUXLVH FRQWURO ZDUQLQJ V\VWHPV SDUNLQJ DVVLVW  WR SURYLGH
VRPH OHYHO RI DXWRQRP\ 7KH 5DQG FRUSRUDWLRQ UHSRUW RQ
DXWRQRPRXV YHKLFOHV UHVHDUFK LQGLFDWHV WKDW WKHVH V\VWHPV
KDYH LQGHHG KHOSHG WR UHGXFH URDG FUXVKHV WR D YHU\ JUHDW
H[WHQW+RZHYHUDOOWKHVHVWLOOUHTXLUHWKHGULYHUWRSURYLGHD
OHYHORIFRQWURODQGPRQLWRULQJZKLOVWRQWKHURDGLQRUGHUWR
VWD\ VDIH  ZKLFK PHDQV UHJDUGOHVV RI WKH NLQG RI QHZ
IHDWXUHVZKLFKDUHDGGHG WRDVVLVW WKHGULYHUKLVGHFLVLRQ LV
YHU\PXFKUHTXLUHGGXULQJGULYLQJ>@
(YHQZLWKVRPHRI WKHDGYDQFHPHQWPDGH LQGHYHORSLQJ
VDIHW\ WHFKQRORJLHV LQ FDUV SXEOLF UHFRUGV IRU WKH 8QLWHG
6WDWHV VKRZV WKDW LQ   RI URDG IDWDOLWLHV KDV
VRPHWKLQJWRGRZLWKDOFRKRO>@>@7KLVWUHQGVKRZVWKDW
WKH H[LVWLQJ DGYDQFHPHQWV VWLOO HVVHQWLDOO\ DUH QRW FORVH WR
IL[LQJWKHURDGFUDVKIDWDOLWLHVLVVXHVGXHWRDOFRKRO
:LWK WRGD\
V DXWRPRWLYH LQWHOOLJHQFH WHFKQRORJLHV WKH
GULYHU LV WKHRQHDWKHOPRIDIIDLUV LQFOXGLQJZKLFK URDG WR
GHVWLQDWLRQ ZKHUH WR JHW SDUNLQJ VSRW DQG DW ZKDW VSHHG WR
DFFHOHUDWHRQDKLJKZD\6LQFHWKHGULYHUPLJKWEHZURQJLQ
KLV MXGJPHQW LQ DOO WKHVH GHFLVLRQV LW LV DSSDUHQW WKDW IXHO
XVDJHLVQRWHIILFLHQWVLQFHWKHGULYHUPLJKWQRWNQRZZKLFK
URDGV DUH EXV\ RU ZKLFK SDUNLQJ ORW LV DYDLODEOH 5HVHDUFK
KDVLWWKDWVHYHUDOJDOORQVRIIXHODUHZDVWHGHYHU\GD\ORRNLQJ
IRUSDUNLQJORW>@$JDLQWKHUHLVHYLGHQFHVXJJHVWLQJWKDW
GULYLQJSUDFWLFHVRIXQLIRUPDFFHOHUDWLRQKHOSV WRHIILFLHQWO\
EXUQ IXHO WKHTXHVWLRQ WRDQVZHU LV 'RHV WKHFXUUHQW OHYHO
RI YHKLFOH DXWRPDWLRQ HQVXUH WKH RSWLPDO FRQVXPSWLRQ RI
IXHO" >@ 7KLUGO\ WKH SDVW DQG SUHVHQW
YHKLFOHVLQFRUSRUDWHLQ WKHP KHDY\ PHWDOV WR NHHS WKHP
VWDEOH IRU VDIHW\ UHDVRQV ,I ZH FDQ GHYHORS DXWRPRELOHV
ZKLFKFDQHQVXUHHQKDQFHGVDIHW\XVLQJLQWHOOLJHQWVHQVRUVRU
RWKHUFRQQHFWHGFRPPXQLFDWLRQWHFKQRORJLHVRIZHLJKW
GHFUHDVH FRUUHVSRQGV WR  IXHO HIILFLHQF\ >@7KH
LQHIILFLHQWXVHRIIXHOOHDGVWRJUHHQKRXVHJDVHVZKLFKKDVD
WUHPHQGRXVFRVWLPSOLFDWLRQVLQWHUPVRIWKUHDWRIWKLVSODQHW
DQGDVVRFLDWHGFRVWWREHDWWKHVHHPLVVLRQGRZQIRULQVWDQFH
WKH (QYLURQPHQWDO SURWHFWLRQ DJHQF\ (3$ HVWLPDWHV WKH
DQQXDOFRVWRIJUHHQKRXVHJDVHVIRUWKH86DORQHLVDERXW
ELOOLRQ>@
,Q WKH 86 URDG FRQJHVWLRQ OHDGV WR D FRVW RI DERXW 
ELOOLRQ KRXUV RI WLPH  ELOOLRQ JDOORQV RI ZDVWHG IXHO
HTXLYDOHQWWRWZRPRQWKVµRSHUDWLRQRIWKH$ODVND3LSHOLQH
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DQGELOOLRQLQFRPELQHGGHOD\DQGIXHOFRVWVDVLGHFRVW
DVVRFLDWHGZLWKWUDYHOWLPHDQGGHSHQGDELOLW\7KHVHNLQGVRI
ORVHV DUH VWLOO YHU\ ZRUU\LQJ WUHQGV ZKLFK LPSDFW RXU OLYHV
>@
7KHWDVNVDVVRFLDWHGZLWKRSHUDWLQJDYHKLFOHWKDWUHTXLUHV
HIIRUWIXO SURFHVVLQJ FDQGUDLQ DGULYHU
V FRJQLWLYH UHVRXUFHV
OHDGLQJ WR WKHVWUHVVLQJRI WKHGULYHU,QIDFWFRQVLGHULQJDOO
DVSHFWVRIWKHGULYLQJWDVNRQHPLJKWDUJXHWKHFRPSOH[LW\RI
RSHUDWLQJDPRGHUQDXWRPRELOHKDVRXWVWULSSHGWKHFDSDELOLW\
RIWKHKXPDQQHUYRXVV\VWHP%XWDVORQJDVWKHUHLVVWLOOWKH
DFWLRQRIWKHGULYHUDQGVRPHWLPHVIRUORQJGLVWDQFHVLWLVVWLOO
VWUHVVIXODQGLVDFRQWULEXWLQJIDFWRUWRVHYHUDOURDGDFFLGHQWV
>@
,WLVHVWLPDWHGWKDWDWOHDVWRQHRXWRIIRXU1RUWK$PHULFDQ
DQG(XURSHDQFLWL]HQZLOOEHRYHUE\DQGPLJKWKDYH
VRPH NLQG RI GLVDELOLW\ ZKLFK FDQ LPSDFW WKHLU GULYLQJ
FDSDELOLWLHV7KHH[LVWLQJDXWRQRPRXVFDUWHFKQRORJLHVGRQRW
WDNHLQWRFRQVLGHUDWLRQWKHDJLQJSRSXODWLRQDQGWKHGLVDEOHG
>@

,,,0(7+2'2/2*<

0XOWLSOHDWWULEXWH 'HFLVLRQPDNLQJ PHWKRGRORJ\ LV WKH
SURFHVV RI ILQGLQJ WKH EHVW RSWLRQ IURP DOO RI WKH SRVVLEOH
DOWHUQDWLYHV,QDOPRVWDOOVXFKFRPSOLFDWLRQVWKHPXOWLSOLFLW\
RI FULWHULD IRU MXGJLQJ WKH DOWHUQDWLYHV LV SHUYDVLYH 7KDW LV
IRUPDQ\ VXFKSUREOHPV WKHGHFLVLRQPDNHUZDQWV WR VROYH
PXOWLSOH FULWHULD GHFLVLRQ PDNLQJ 0&'0 SUREOHP >@
2QHVXFKPHWKRGRORJ\LV7HFKQLTXHIRU2UGHU3UHIHUHQFHE\
6LPLODULW\ WR ,GHDO 6ROXWLRQ 7236,6 7236,6 LV XVHG WR
UDQNWKHEHVWDOWHUQDWLYHIURPWKUHHGLIIHUHQWDOWHUQDWLYHV7KH
PHWKRGRORJ\ LV H[WHQGHG WR LQFOXGH VFHQDULR DQDO\VLV WR
PLPLF UHDO OLIH VLWXDWLRQV 6LQFH LQIRUPDWLRQ DYDLODEOH WR
GHFLVLRQ PDNHUV PD\ YDU\ LQ TXDOLW\ DQG VFDOH LW EHFRPHV
FKDOOHQJLQJWRPDNHUHDOOLIHGHFLVLRQV
7236,6 LV D VLPSOH UDQNLQJ PHWKRG LQ FRQFHSWLRQ DQG
DSSOLFDWLRQGHYHORSHGE\+ZDQJDQG<RRQLQ ,W LVDQ
H[WHQVLRQ RI WKHRU\ RI LGHDO VROXWLRQV GHYHORSHG E\ =HOHQ\
>@ LQ7KHEDVLFSULQFLSOH LVJRYHUQV WKDW WKHFKRVHQ
DOWHUQDWLYH VKRXOG KDYH WKH VKRUWHVW GLVWDQFH IURP WKH LGHDO
VROXWLRQ DQG WKH IDUWKHVW GLVWDQFH IURP WKH QHJDWLYHLGHDO
VROXWLRQ >@ 7KH SRVLWLYH LGHDO VROXWLRQ PD[LPL]HV WKH
EHQHILW FULWHULD DQG PLQLPL]HV WKH FRVW FULWHULD ZKHUHDV WKH
QHJDWLYH LGHDO VROXWLRQ PD[LPL]HV WKH FRVW FULWHULD DQG
PLQLPL]HV WKH EHQHILW FULWHULD 7236,6 LV D WHFKQLTXH WKDW
FRPELQHVTXDQWLWDWLYHDWWULEXWHVXFKDVSULFHGLVWDQFHWLPH
DQG VR RQ DQG TXDOLWDWLYH DWWULEXWHV VXFK DV TXDOLW\ RI
UHODWLRQVKLS TXDOLW\ RI DVVXUDQFH UHOLDELOLW\ DQG FRPSDUHV
DOO DOWHUQDWLYHV WRJHWKHU EDVHG RQ WKHVH DWWULEXWHV >@
7236,6 DOVR SURYLGHV FDUGLQDO UDQNLQJ RI DOWHUQDWLYHV
PDNLQJDSWXVHRIDWWULEXWHLQIRUPDWLRQDQGGRHVQRWUHTXLUH
DWWULEXWHSUHIHUHQFHVWREHLQGHSHQGHQW

A. Technique for Order Preference by Similarity to Ideal 
Solution (TOPSIS)  
7236,6 PHWKRGRORJ\ LV FUHDWHG XVLQJ D VHULHV RI VWHSV
GHVFULEHGEHORZ>@

6WHS&DOFXODWHWKHQRUPDOL]HGUDWLQJV
1RUPDOL]LQJ WKH DWWULEXWH YDOXH LQIRUPDWLRQ DV LW LV
DYDLODEOH LQ GLIIHUHQW VFDOHV 7KH QRUPDOL]DWLRQ FRQYHUWV
GLPHQVLRQDWWULEXWHV WRQRQGLPHQVLRQDWWULEXWHVDOORZLQJ WR
FRPSDUHDFURVVDWWULEXWHV
¦  mi ijijij x
x
r



:KHUHULM LV WKHQRUPDOL]HGVFRUHPDWUL[DQG[LM LV WKHVFRUHRIWKHMWKLQGLFDWRUIRULWKDOWHUQDWLYHDQGWKHUHDUHQDWWULEXWHV
DQGPDOWHUQDWLYHV
6WHS&DOFXODWHWKHZHLJKWHGQRUPDOL]HGUDWLQJV
7KHZHLJKWHGQRUPDOL]HGPDWUL[LVFDOFXODWHGDVܽ௜௝ୀݓ௝ݎ௜௝
:KHUHZMLVWKHZHLJKWRIWKHMWKDWWULEXWH
6WHS  ,GHQWLILFDWLRQ RI 3RVLWLYH ,GHDO DQG 1HJDWLYH ,GHDO
VROXWLRQ
3RVLWLYH LGHDO VROXWLRQ 3,6 LV IRXQG E\ ILQGLQJ WKH
PD[LPXP DLM YDOXH IRU HDFK VHW RI EHQHILW DWWULEXWH DQGPLQLPXP DLM YDOXH IRU HDFK VHW RI FRVW DWWULEXWH ZKHUHDV1HJDWLYH LGHDO VROXWLRQ 1,6 LV IRXQG E\ ILQGLQJ WKH
PLQLPXP DLM YDOXH IRU HDFK VHW RI EHQHILW DWWULEXWH DQGPD[LPXPDLMYDOXHIRUHDFKVHWRIFRVWDWWULEXWHܲܫܵ ൌ ൛൫ ܽ௜௝ห݆ א  ݆ଵ൯ǡ ൫ ܽ௜௝ห݆ א  ݆ଶሻȁ݅ ൌ 	猁?ǥ ǡ݉ሽܰܫܵ ൌ ൛൫ ܽ௜௝ห݆ א  ݆ଵ൯ǡ ൫ ܽ௜௝ห݆ א  ݆ଶሻȁ݅ ൌ 	?ǡǥ ǡ݉ሽ

:KHUHMLVVHWRIEHQHILWDWWULEXWHVMLVVHWRIFRVWDWWULEXWHVDQGMM QWRWDOQXPEHURIDWWULEXWHV
6WHS&DOFXODWHVHSDUDWLRQ0HDVXUHV
7KHVHSDUDWLRQPHDVXUHEHWZHHQDWWULEXWHVLVPHDVXUHGE\
WKHQGLPHQVLRQDO(XFOLGHDQGLVWDQFH7KHVHSDUDWLRQRIHDFK
DOWHUQDWLYH IURP WKH SRVLWLYH LGHDO VROXWLRQV ' LV JLYHQ E\
WKHIRUPXOD ܦ௜ା ൌ ඩ෍ሺܽ௜௝ି௡௝ୀଵ ௝ܽାሻଶǡ ݅ ൌ 	 ?ǡǥ ǡ ݉

7KH VHSDUDWLRQ IURP WKH QHJDWLYH LGHDO VROXWLRQV ' LV
JLYHQE\WKHIRUPXODܦ௜ି ൌ ඩ෍ሺܽ௜௝ି௡௝ୀଵ ௝ܽି ሻଶǡ ݅ ൌ 	 ?ǡǥ ǡ ݉

6WHS&DOFXODWHVLPLODULWLHVWR3RVLWLYH,GHDOVROXWLRQ
6LPLODULWLHVWR3RVLWLYHLGHDOVROXWLRQDUHFDOFXODWHGXVLQJ
WKHIRUPXOD ܴ௜כ ൌ ܦ௜ି൫ܦ௜ା ൅ܦ௜ି ൯ ǡ  ൌ 	 ?ǡǥ ǡ
2115
2015 Proceedings of PICMET '15: Management of the Technology Age

1RWH	? ൑ ௜ܴכ ൑ 	 ?ZKHUHܴ௜כ ൌ 	 ?ZKHQ'L 'DQGܴ௜כ ൌ 	 ?ZKHQ'L '
B. Candidate Technology 
9HKLFOHWR9HKLFOH99
9HKLFOH WR 9HKLFOH 99 LV DQ DXWRPRWLYH WHFKQRORJ\
WKDW LV GHVLJQHG WR DOORZ DXWRPRELOHV WR FRPPXQLFDWH ZLWK
HDFK RWKHU  99 V\VWHP XVHV GHGLFDWHG VKRUW UDQJH
FRPPXQLFDWLRQ '65&ZKLFK LV LQ WKH*+]IUHTXHQF\
7KLV IUHTXHQF\ LV DOVR XVHG E\ 81,, GHYLFHV 8QOLFHQVHG
1DWLRQDO,QIRUPDWLRQ,QIUDVWUXFWXUH
)HGHUDO &RPPXQLFDWLRQV &RPPLVVLRQ )&& KDV
DOORFDWHG VSHFWUXP IRU XVH E\ '65& WHFKQRORJLHV WKDW DUH
SDUW RI '27¶V ,76 UHVHDUFK SURJUDP $OORFDWLRQ LQYROYHV
VHJPHQWLQJ VSHFWUXP XVHG IRU ZLUHOHVV FRPPXQLFDWLRQ LQWR
EDQGVRI IUHTXHQFLHV WKDW DUH DOORFDWHG IRUXVH E\SDUWLFXODU
W\SHVRIVHUYLFHV)&&PDQDJHVVSHFWUXPXVHIRUQRQIHGHUDO
XVHUV LQFOXGLQJ SULYDWH FRPPHUFLDO DQG VWDWH DQG ORFDO
JRYHUQPHQW XVHUV WKH 'HSDUWPHQW RI &RPPHUFH¶V 1DWLRQDO
7HOHFRPPXQLFDWLRQV DQG ,QIRUPDWLRQ $GPLQLVWUDWLRQ
PDQDJHVVSHFWUXPIRUIHGHUDOXVHUV86&
>@>@6SHFLILFDOO\LQ)&&DOORFDWHGPHJDKHUW]
0+] RI VSHFWUXP ²WKH  WR  JLJDKHUW] *+]
EDQG*+]EDQG²IRUWKHSULPDU\SXUSRVHRILPSURYLQJ
WUDQVSRUWDWLRQ VDIHW\ DQG DGRSWHG EDVLF WHFKQLFDO UXOHV IRU
'65& RSHUDWLRQV ,Q  )&& HVWDEOLVKHG OLFHQVLQJ DQG
VHUYLFH UXOHV IRU WKH  *+] EDQG WR SURYLGH VKRUWUDQJH
ZLUHOHVV OLQN IRU WUDQVIHUULQJ LQIRUPDWLRQ EHWZHHQ YHKLFOHV
DQGURDGVLGHV\VWHPV+RZHYHUWKH3UHVLGHQWDQG&RQJUHVV
KDYH UHVSRQGHG WR JURZLQJ GHPDQG IRU ZLUHOHVV EURDGEDQG
VHUYLFHV E\ PDNLQJ FKDQJHV LQ WKH ODZ WR SURPRWH HIILFLHQW
XVHRIVSHFWUXPLQFOXGLQJWKHEDQGVSUHYLRXVO\VHWDVLGHIRU
XVHE\'65&EDVHGWHFKQRORJLHV
7KH FRPPXQLFDWLRQ WHFKQRORJ\ ZLOO HQDEOH YHKLFOHV WR
H[FKDQJH YLWDO LQIRUPDWLRQ  WLPHV SHU VHFRQG DERXW
ORFDWLRQ DFFHOHUDWLRQ VSHHG DQG EUDNLQJ&DUV ZLOO EH DEOH
WRFDOFXODWHWKHKD]DUGULVNVZLWKLQDERXWPHWHUVDQGDOHUW
WKHLU GULYHUV RU HYHQ WDNH DXWRPDWLF FROOLVLRQDYRLGDQFH
DFWLRQ>@

,QWKH0DWWHURI$PHQGPHQWRI3DUWVDQGRIWKH&RPPLVVLRQ¶V5XOHV
WR$OORFDWHWKH*+]%DQGWRWKH0RELOH6HUYLFHIRU'HGLFDWHG
6KRUW5DQJH&RPPXQLFDWLRQVRI,QWHOOLJHQW7UDQVSRUWDWLRQ6HUYLFHV5HSRUW
DQG2UGHU)&&5FG
 5DGLR IUHTXHQFLHV DUH JURXSHG LQWR EDQGV DQG DUH PHDVXUHG LQ XQLWV RI
+HUW]RUF\FOHVSHUVHFRQG7KHWHUPPHJDKHUW]0+]UHIHUVWRPLOOLRQVRI
+HUW] DQG JLJDKHUW] *+] WR ELOOLRQV RI +HUW] 7KH +HUW] XQLW RI
PHDVXUHPHQW LV XVHG WR UHIHU WR ERWK WKH TXDQWLW\ RI VSHFWUXP VXFK DV 
0+]RIVSHFWUXPDQGWKHIUHTXHQF\EDQGVVXFKDVWKH±*+]
EDQG
$PHQGPHQWRIWKH&RPPLVVLRQ¶V5XOHV5HJDUGLQJ'HGLFDWHG6KRUW5DQJH
&RPPXQLFDWLRQ 6HUYLFHV LQ WKH  *+] %DQG  *+] %DQG
$PHQGPHQW RI 3DUWV  DQG  RI WKH &RPPLVVLRQ¶V 5XOHV WR $OORFDWH WKH
 *+] %DQG WR 0RELOH 6HUYLFH IRU 'HGLFDWHG 6KRUW 5DQJH
&RPPXQLFDWLRQVRI,QWHOOLJHQW7UDQVSRUWDWLRQ6HUYLFHV:7'RFNHW1R
(7'RFNHW1R5HSRUWDQG2UGHU)&&5FG)&&

9HKLFOHWR,QIUDVWUXFWXUH9,
9, LV GHILQHG DV D FRPPXQLFDWLRQ DQG FRRSHUDWLYH
H[FKDQJHRIGDWDEHWZHHQYHKLFOHVYLDZLUHOHVVWHFKQRORJLHV
ZLWKLQ D UDQJH WKDW FDQ YDU\ IURP D IHZ PHWHUV WR D IHZ
KXQGUHG PHWHUV ,Q RUGHU WR LPSURYH URDG VDIHW\ TXDOLW\
HIILFLHQF\ DQG ZKHQQHFHVVDU\ LQFUHDVH WKH FDSDFLW\ RI WKH
URDG7KLV WHFKQRORJ\KDVEHHQFRQFHLYHG WRGHDOZLWK VXFK
DV D VPDOO WLPH LQWHUYDO HYHQ WKURXJK DQ DFFLGHQW KDV
RFFXUUHGDWDGLVWDQFHZKLFKZRXOGPDNH LWGLIILFXOW IRU WKH
GULYHU WR UHDFW SURPSWO\ WKH LQIRUPDWLRQ LV UDSLGO\
WUDQVPLWWHGWRWKHYHKLFOHDQGLIUHTXLUHGDQDXWRPDWLFV\VWHP
LQWHUYHQHV SRVVLEO\ ZLWKRXW WKH GULYHU¶V LQYROYHPHQW WR
SUHYHQWWKHDFFLGHQWRURWKHUFRQVHTXHQWLDODFFLGHQWV>@
7KH 9, FRPSXWLQJ FRPPXQLFDWLRQ DQG VHQVLQJ
HTXLSPHQW DQG XVHU LQWHUIDFHV ZLOO EH LQ PRVW FDVHV QHZ
ZLWK UHVSHFW WR WKH FXUUHQW RQERDUG HTXLSPHQW ,Q WHUPV RI
VHQVLQJ DQG XVHU LQWHUIDFH KDUGZDUH DQG VRIWZDUH 9,
WHFKQRORJ\ DQG LWV V\VWHPV ZLOO OHYHUDJH RQ WKH DUUD\ RI
HTXLSPHQW YHKLFOHV FXUUHQWO\ FDUU\ IRU H[DPSOH GDWD
FRQFHUQLQJ WKH YHKLFOH RSHUDWLRQ ZLOO EH REWDLQHG YLD WKH
FRUUHVSRQGLQJ RU XSJUDGHG RQERDUG LQWHUIDFHV ,Q JHQHUDO
9,WHFKQRORJ\ZLOOQRWEHGHYHORSHGIURPVFUDWFKUDWKHUDV
RQJRLQJ SURMHFWV VKRZ PDWXUH DQG ZHOO XQGHUVWRRG
FRPSRQHQWVDQGWKHLUYDULDQWVZLOOEHWKHEDVLV>@
7KH QHZ REMHFWLYHV RI WUDQVSRUW V\VWHPV DQG PRELOLW\
FRQFHUQ TXDOLW\ HIILFLHQF\ VDIHW\ DQG VHFXULW\ 2QH RI WKH
PRVW LQWHUHVWLQJ WRROV UHODWHG WR VDIHW\ UHIHUV WR D VHW RI
DSSOLFDWLRQVWKDWLQYROYHLQWHUDFWLRQDQGFRRSHUDWLRQEHWZHHQ
DQLQIUDVWUXFWXUHDQGLQYHKLFOHV\VWHPV

$XWRQRPRXV9HKLFOHV
2YHUWKHSDVW\HDUVWKHUHKDVEHHQVHYHUDOLQQRYDWLRQV
LQWKHDXWRPRWLYHLQGXVWU\WRFUHDWHDXWRQRPRXVWHFKQRORJLHV
WR SURYLGH VRPH OHYHO RI DVVLVWDQFH WR KXPDQ GULYHUV >@
([DPSOHV RI VXFK WHFKQRORJLHV LQFOXGH DGYDQFHG FUXLVH
FRQWURODQWLORFNEUDNHV\VWHPVFROOLVLRQDYRLGDQFHV\VWHPV
DQG VHYHUDO RWKHUV ZKLFK FRPSDQLHV KDYH LQFRUSRUDWHG RQ
LQFUHPHQWDO EDVLV WR SURYLGH VRPH OHYHO RI FRQWURO DQG
VXSSRUW WR GULYHUV 2XU GHILQLWLRQ RI DXWRQRPRXV FDUV LV
EH\RQG WKH LQFRUSRUDWLRQ RI VRPH OHYHO RI DXWRQRPRXV
EHKDYLRULQDFDU$XWRQRPRXVFDUVIRURXUSXUSRVHUHSUHVHQW
D OHDS IURP SURYLGLQJ VXSSRUW V\VWHPV WR KXPDQ GULYHUV WR
GHYHORSLQJVHOIGULYLQJFDUVZKLFKUHTXLUHQRKXPDQFRQWURO
WRPRYHIURPSRLQW$WR%>@>@
$XWRQRPRXV FDUV RIIHUV WKH SRVVLELOLW\ RI IXQGDPHQWDOO\
FKDQJLQJ WUDQVSRUWDWLRQ DQG SURPLVHV WR GR DZD\ ZLWK
VHYHUDONLQGVRILQWHUDFWLRQVZLWKFDUVZKLFKUHTXLUHGKXPDQ
FRJQLWLRQ FRQWURO DQG PRQLWRULQJ >@ /HYHOV RI DXWRQRP\
DVLOOXVWUDWHGLQ$SSHQGL[WDEOHDUHUHJDUGHGDVWKHKLJKHVW
OHYHO RI FODVVLILFDWLRQ HVWDEOLVKHG E\ WKH 1DWLRQDO +LJKZD\
7UDIILF 6DIHW\ $GPLQLVWUDWLRQ 7KH EHQHILWV ZKLFK FDQ EH
GHULYHGGHSHQGV ODUJHO\RQ WKH OHYHO RI DXWRQRP\SURYLGHG
IRU H[DPSOH D FDU ZLWK DQWLORFN EUDNH V\VWHP ZLOO RQO\
SURYLGHWKHVDIHW\DVVRFLDWHGZLWKVXFKDWHFKQRORJ\ZKHUHDV
RQHZLWKIXOODXWRQRP\DVGHILQHGDERYHKDVDOOFRQFHLYDEOH
VDIHW\DQGRWKHUNLQGVRIEHQHILWV
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8QOLNHH[LVWLQJFDUVOHYHOWKURXJKZKHUHWKHOHYHORI
DXWRQRP\VWLOO UHTXLUHV WKHKXPDQGULYHU WREHDZDUHRIKLV
HQYLURQPHQWDQGGULYLQJFRQGLWLRQVLQRUGHUWRPDNHDFFXUDWH
GHFLVLRQV WKHDXWRQRPRXVFDUZLOOEHFDSDEOHRIVHQVLQJ LWV
HQYLURQPHQWDQGQDYLJDWLQJZLWKRXWKXPDQLQSXW>@

C. Data collection 
'DWDFROOHFWLRQZDVGRQHWKRXJKVXUYH\ZLWKDQH[SHUWLQ
WKHILHOG7KHDWWULEXWHVZHUHUDWHGRQSRLQW/LNHUWVFDOH
EHLQJ WKH ORZHVWDQGEHLQJ WKHKLJKHVW7KHDWWULEXWHV WKDW
ZHUHUDWHGZHUHJURXSHGLQWRWZRFDWHJRULHVEHQHILWDWWULEXWHV
DQG FRVW DWWULEXWHV 6DIHW\ IXHO HIILFLHQF\ FRPSDWLELOLW\
DYDLODELOLW\ ZHUH JURXSHG DV EHQHILW DWWULEXWHV DQG FRVW LV
JURXSHGDVFRVWDWWULEXWHV7KHDWWULEXWHVZHUHVHOHFWHGEDVHG
RQ OLWHUDWXUHUHYLHZDV LOOXVWUDWHG LQ$SSHQGL[7DEOH7KH
YDOXHVIRUWKHGDWDFROOHFWLVLOOXVWUDWHGLQDSSHQGL[7DEOH
$YDLODELOLW\ DWWULEXWH LV FDOFXODWHG EDVHG RQ GLIIHUHQFHV
EHWZHHQFXUUHQW\HDUDQGZKHQWKHWHFKQRORJ\ZLOOEH
DYDLODEOH99WHFKQRORJ\LVH[SHFWHGWREHLQWKHPDUNHWE\
 VR WKH YDOXH LV   9, WHFKQRORJ\ LV
H[SHFWHG WR EH LQ WKH PDUNHW VRRQ DIWHU WKDW DV WKDW LV DQ
H[WHQVLRQRI99WHFKQRORJ\VRWKHYDOXHLV
$XWRQRPRXVYHKLFOH WHFKQRORJ\ LV H[SHFWHGE\  VR WKH
YDOXHLV

D. Scenarios  
,QRUGHU WRPLPLF WKH UHDOZRUOG VLWXDWLRQQLQHVFHQDULRV
DQGQRVFHQDULRZHUHFUHDWHGDQGEDVHGRQWKHVFHQDULRVHDFK
DWWULEXWH ZDV DVVLJQHG ZHLJKWV ,Q $SSHQGL[ 7DEOH  WKH
VFHQDULRV DQG WKH ZHLJKWV DUH HODERUDWHG XSRQ 7KLV LV
SHUIRUPHG WR FUHDWH WKH VFHQDULRV SXVKSXOO IUDPHZRUN WR
SROLF\GHFLVLRQVDQGLQIOXHQFHWKHVXSSO\RIQHZNQRZOHGJH
GLUHFWO\ 7KHUH DUH WZR ZD\V JRYHUQPHQWV FDQ HQFRXUDJH
LQQRYDWLRQ WHFKQRORJ\SXVK LPSOHPHQW PHDVXUHV WR UHGXFH
WKH SXEOLF PHDVXUHV DQG GHPDQGSXOO LPSOHPHQW PHDVXUHV
WKDW LQFUHDVHV WKH SULYDWH SD\RII WR VXFFHVVIXO LQQRYDWLRQ
>@ 7KUHH GLIIHUHQW SROLF\ LQVWUXPHQWV ZHUH XVHG WR FUHDWH
WKHVL[GLIIHUHQWVFHQDULRVLQWKUHHGLIIHUHQWWLPHIUDPHV7KH
WKUHHSROLF\LQVWUXPHQWVDUHJRYHUQPHQWVSRQVRUHG5	'WD[
FUHGLW IRU FRPSDQLHV WR LQYHVW LQ 5	' DQG WD[ FUHGLW DQG
UHEDWHV IRU FRQVXPHUV IRU DGRSWLRQ RI QHZ WHFKQRORJ\ 7KH
WKUHHWLPHIUDPHVXVHGIRUWKHVWXG\DUHVKRUWWHUPPHGLXP
WHUPDQGORQJWHUP
1R 6FHQDULR GHSLFWV QRQ UHDO VROXWLRQ 6FHQDULR 
VFHQDULRDQGVFHQDULRDVVHVVWKHLPSDFWRIWKHJRYHUQPHQW
VSRQVRUHG5	'LQWKHWKUHHGLIIHUHQWWLPHIUDPHV6FHQDULR
GHSLFWV WKH VLWXDWLRQZKHUH WKH LQLWLDOJRYHUQPHQW VSRQVRUHG
5	'LVDVVHVVHGLQWKHVKRUWWHUPWLPHIUDPH(YHQZLWKWKH
SROLF\LQSODFHWKHFRVWRIWKHWHFKQRORJ\LVKLJKDVLW¶VDQHZ
WHFKQRORJ\ DQG DV WKH WHFKQRORJ\ HYROYHV WKH FRVW RI WKH
WHFKQRORJ\ZLOO ORZHU 6FHQDULR DQG VFHQDULRGHSLFW WKH
VLWXDWLRQ LQ PHGLXP DQG ORQJ WHUP ZLWK WKH FRVW RI WKH
WHFKQRORJ\GHFUHDVLQJ6FHQDULRVFHQDULRDQGVFHQDULR
DVVHVVWKHLPSDFWRIWKHWD[FUHGLWIRUFRPSDQLHVWRLQYHVWLQ
5	' LQ WKH WKUHH GLIIHUHQW WLPH IUDPHV 6FHQDULR  GHSLFWV
WKH VLWXDWLRQ ZKHUH WKH FRPSDQLHV DUH JLYHQ WD[ FUHGLW WR
LQYHVW LQ 5	' LQ WKH VKRUW WHUP WKDW ORZHUV WKH FRVW RI
LQQRYDWLRQ LQ WKH LQLWLDO VWDJHV +RZHYHU DV WKH WD[ FUHGLW
SROLF\GLPLQLVKHV WKHFRVWRI WKH LQYHVWPHQWZLOO LQFUHDVH LQ
WKH VFHQDULR  DQG  DV WKH WLPH IUDPHV LQFUHDVHV %XW WKH
NQRZOHGJHJDLQHGLQWKHLQLWLDOVWDJHVZLOOUHGXFHWKHFRVWLQ
WKH ORQJ UXQ DV WKH\ KDYH D NQRZOHGJH RI WKH WHFKQRORJ\
6FHQDULRVFHQDULRDQGVFHQDULRDVVHVVWKHLPSDFWRIWKH
WD[ FUHGLW DQG UHEDWHV IRU FRQVXPHUV LQ WKH WKUHH GLIIHUHQW
WLPH IUDPHV 6FHQDULR  GHSLFWV WKH VLWXDWLRQ ZKHUH WKH
FRQVXPHUV DUH JLYHQ UHEDWH IRU WKH DGRSWLRQ RI WKLV
WHFKQRORJ\ LQ WKH VKRUW WHUP WKHFRVWRI WKH WHFKQRORJ\ZLOO
EH KLJKHU +RZHYHU DV WLPH SURJUHVVHV DV GHSLFWHG LQ
VFHQDULRDQGDQGZLWKLPSURYHPHQWRIWKHWHFKQRORJ\WKH
FRVW WR WKH WHFKQRORJ\ ZLOO JUDGXDOO\ GHFUHDVH DQG ZLOO EH
FRPSHWLWLYHZLWKRWKHUWUDGLWLRQDOYHKLFOHVLQWKHPDUNHW

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
7DEOH  SURYLGHV GHWDLO UHVXOWV RI DOO WKH VFHQDULRV DQG
WLPHIUDPHGLVFXVVHGDERYH)RUWKHQRVFHQDULRFDVHDOO WKH
DWWULEXWHV DUH JLYHQ HTXDO ZHLJKWV (YHQ LQ WKLV FDVH 99
ZLWK D VFRUH RI  LV UDQNHG DV WKH PRVW SUHIHUUHG
DOWHUQDWLYHVVLQFHWKHDWWULEXWHUDWHGIRU99DUHKLJKHU99
LV UDQNHG DV WKH PRVW SUHIHUUHG DOWHUQDWLYH ZLWK D VFRUH RI
 ZKLOH 9, KROGV WKH VHFRQG UDQN ZLWK D VFRUH RI
 IRU VFHQDULR  7KLV RXWFRPH LV UHDVRQDEOH IRU
6FHQDULRDV LW GHSLFWV D VLWXDWLRQ LQZKLFKDOWHUQDWLYHVDUH
HYDOXDWHG LQ WKHVKRUW WHUPDQGZLWK*RYHUQPHQW VSRQVRUHG
5	' 99 KDV ORZHU FRVW WKDQ RWKHU DOWHUQDWLYHV DQG
VDWLVIDFWRU\SHUIRUPDQFHLQWHUPVRIVDIHW\DQGFRPSDWLELOLW\
6FHQDULRDQG6FHQDULRDUHVLPLODUWR6FHQDULRZLWKRQO\
GLIIHUHQFHEHLQJWKHWLPHIUDPHZKLFKZRXOGKHOSFRQVXPHUV
ZLWK PRUH RSWLRQV DV WKHUH DUH PRUH FRPSHWLWRUV LQ WKH
PDUNHWWKDWZRXOGGULYHWKHSULFHGRZQ
6FHQDULR  6FHQDULR  DQG 6FHQDULR  GHSLFWV WKH
VLWXDWLRQ LQ ZKLFK WKH DOWHUQDWLYHV DUH HYDOXDWHG ZKHUH
FRPSDQLHVDUHSURYLGHG7D[FUHGLWWRLQYHVWLQ5	'99LV
UDQNHG DV WKH PRVW SUHIHUUHG DOWHUQDWLYHV ZLWK D VFRUH RI
IROORZHGE\9,ZLWKDVFRUHRILQVFHQDULR
6FHQDULR  DQG 6FHQDULR  DUH VLPLODU WR 6FHQDULR  RQO\
GLIIHUHQFH EHLQJ WKH WLPH IUDPH VWLOO 99 LV WKH PRVW
SUHIHUUHGDOWHUQDWLYHZLWKDVFRUHRIIROORZHG
E\9,ZLWKDVFRUHRI7KLVLVH[SHFWHGVLQFH
LQWKHPHGLXPWHUPDQGORQJWHUPWKHWHFKQRORJLHVDUHLQXVH
DQGWKHFRVWRIWKHDOWHUQDWLYHVLVORZHUWKDQWKHLULQLWLDOSULFH
6FHQDULR  6FHQDULR  DQG 6FHQDULR  GHSLFWV WKH
VLWXDWLRQLQZKLFKWKHDOWHUQDWLYHVDUHHYDOXDWHGLQZKLFK7D[
FUHGLW DQG UHEDWHV IRU FRQVXPHUV DUH JLYHQ IRU WHFKQRORJ\
DGRSWHUV 99 LV UDQNHG DV WKH PRVW SUHIHUUHG DOWHUQDWLYHV
ZLWKDVFRUHIROORZHGE\9,ZLWKDVFRUHRI
6FHQDULR  DQG 6FHQDULR  DUH VLPLODU WR 6FHQDULR  RQO\
GLIIHUHQFH EHLQJ WKH WLPH IUDPH VWLOO 99 LV WKH PRVW
SUHIHUUHGDOWHUQDWLYHZLWKDVFRUHRIIROORZHG
E\9,ZLWKDVFRUHRI7KLVLVH[SHFWHGVLQFH
DXWRQRPRXV YHKLFOHV DUH VWLOO H[SHQVLYH WKDQ RWKHU
WHFKQRORJLHV
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7KHUHVXOWVKRZWKDW99ZLOOEHPRVWOLNHO\ILWWKHVDIHW\
QHHGVRIURDGWUDQVSRUW LQ WKHVKRUWPHGLXPDQGORQJWHUPV
ZKLOVW VWLOO EDODQFLQJ DOO WKH RWKHU FULWHULD&RPSDWLELOLW\
&RVW)XHO(IILFLHQF\DQGFRXOGEHDYDLODEOHVRRQHUWKDQWKH
RWKHU FDQGLGDWHV ZKHWKHU RU QRW WKHUH LV SROLF\ WR SXVK LW
0RUH 5	' WR VSHHG XS 99 LPSOHPHQWDWLRQ ZLOO KHOS
SURYLGHPRUHVDIHW\ IHDWXUHV IRUH[LVWLQJFDUVDQG WKDW VDPH
WHFKQRORJ\ FDQ IXUWKHU VSHHG XS WKH GHYHORSPHQW RI IXOO
$XWRQRPRXVFDUV
7KHZHLJKWDVVLJQPHQWIRUHDFKRIWKHVFHQDULRVDUHJLYHQ
EDVHGRQFDUGLQDOVFDOHRIDVWKHZRUVWDQGDV
WKHEHVWIRUEHQHILWFULWHULDDQGYLFH±YHUVDIRUFRVWFULWHULD
7KLV LV XVHG WR WUDQVIRUP TXDOLWDWLYH FULWHULD WR TXDQWLWDWLYH
RQH 6DIHW\ DWWULEXWH ZDV JLYHQ D ZHLJKW RI  IRU DOO WKH
VFHQDULRV 6LQFH IRU VXFFHVVIXO DGRSWLRQ RI WKHVH YHKLFXODU
WHFKQRORJLHV LW LVPDQGDWRU\IRU LW WRKDYHWKHKLJKHVWVDIHW\
UDWLQJDQGDQ\VPDOOHUURU LQ WKH WHFKQRORJ\FRXOG OHDG WRD
GHYDVWDWLQJ RXWFRPH )XHO HIILFLHQF\ ZDV JLYHQ D ZHLJKW RI
IRUDOOWKHVFHQDULRVEHFDXVHLWZRXOGEHGHSHQGHQWRQWKH
FRQVXPHU WR FKRRVH DSSURSULDWH YHKLFOHV 6RPH FRQVXPHU
PD\ZHLJK WKLV DWWULEXWHKLJKHU IRU WKH\ZRXOGSUHIHUJUHHQ
YHKLFOHV DQG VRPH ZRXOG SUHIHU YHKLFOHV ZLWK KLJKHU KRUVH
SRZHUVXFKDVWUXFNIRUWKHLUWRZLQJFDSDFLW\&RPSDWLELOLW\
FULWHULD ZDV JLYHQ ZHLJKWRI  IRU VFHQDULRV  DQG DV
WKH\DUHUHODWHGWRVKRUWWHUP,QWKHVKRUWWHUPLWLVLPSRUWDQW
WRNQRZLIWKHVHWHFKQRORJLHVDUHFRPSDWLEOHZLWKWKHH[LVWLQJ
HFRV\VWHP :LWK LQFUHDVLQJ DGRSWLRQ UDWH RI WKHVH
WHFKQRORJLHV FRQVXPHU ZRXOG EH DZDUH WKDW WKHVH
WHFKQRORJLHV DUH DOUHDG\ FRPSDWLEOH ZLWK WKH HFRV\VWHP DV
PRUHQHZDXWRPRELOHUHSODFHROGHUDXWRPRELOHV7KHZHLJKW
IRU PHGLXP WHUP VFHQDULRV   DQG  DQG ORQJ WHUP
VFHQDULRVDQGDUHJLYHQLQGHFUHDVLQJVFDOH
DVPRUHDGRSWLRQFRPSDWLELOLW\ZLOOQRWEHRIPDMRUFRQFHUQ
IRU FRQVXPHUV $YDLODELOLW\ FULWHULD GHSLFWV WKH VDPH
FRQGLWLRQ DV FRPSDWLELOLW\ VLQFH DV WKH WLPH SURJUHVVHV WKH
DYDLODELOLW\RIWKHWHFKQRORJ\LQFUHDVHVDQGLPSURYHPHQWDUH
DOVR PDGH GXH WR DGGLWLRQDO NQRZOHGJH JDLQHG WKURXJK
H[SHULHQFH &RVW FULWHULD IRU VFHQDULRV   DQG  DUH JLYHQ
ORZHUVFRUH±WKDQRWKHUVFHQDULRVVLQFHLQWKHORQJ
WHUPZLWKLPSURYHGDGRSWLRQWKHFRVWRIWKHWHFKQRORJ\ZLOO
EH ORZHU DV WKH PDQXIDFWXULQJ SURFHVV ZLOO LPSURYH ,Q WKH
VKRUW WHUP   DQG  DQG PHGLXP WHUP   DQG  WKH
FRVW ZRXOG EH LQLWLDOO\ KLJK +RZHYHU ZLWK WLPH DQG
LPSURYHPHQWLQPDQXIDFWXULQJSURFHVVDFTXLUHGWKURXJKWKH
NQRZOHGJHJDLQHGWKHFRVWZRXOGJRGRZQ

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7KH SUREOHP RI VHOHFWLQJ DQ DSSURSULDWH YHKLFXODU
WHFKQRORJ\ DOWHUQDWLYHV LV DGGUHVVHG LQ WKLV VWXG\ ZLWK D
VFHQDULREDVHG0'0PHWKRG1LQHVFHQDULRVDUHDUWLFXODWHG
GHSLFWLQJWKHPRVWFRPPRQO\HQFRXQWHUHGGHFLVLRQVLWXDWLRQV
DQG DGGUHVVLQJ WKH WHFKQRORJ\ RSWLRQV 7KH PHWKRGRORJ\
GHYHORSHG LQ WKLV ZRUN HIIHFWLYHO\ FDSWXUHV GLIIHUHQW SROLF\
RSWLRQV DQG WKH WLPH IUDPHV LQ WHUPV RI ZHLJKWV IRU FULWHULD
IRUHDFKVFHQDULRVDQGWUDQVODWHV WKHPLQWRWKHPDWKHPDWLFDO
DOJRULWKPV RI WKH 0'0$ PHWKRGRORJ\ )LYH DWWULEXWHV DUH
XVHG IRU HYDOXDWLQJ DOWHUQDWLYHV WKDW UHSUHVHQW WKH
FKDUDFWHULVWLFVRIDSSURSULDWH WHFKQRORJLHVIRUHDFKVFHQDULR
7KH PHWKRGRORJ\ GHYHORSHG HIILFLHQWO\ LGHQWLILHV WKH
DSSURSULDWHWHFKQRORJ\IRUHDFKVFHQDULRV
)RUWKHQRVFHQDULRFDVHHTXDOZHLJKWVZHUHDVVLJQHGIRU
WKH DWWULEXWHV LW LV GLIILFXOW WR LGHQWLI\ WKH PRVW DSSURSULDWH
YHKLFXODUWHFKQRORJ\DOWHUQDWLYH)RUWKHVFHQDULRVFRQVLGHUHG
LQ WKH VWXG\ WKH DOWHUQDWLYHV DUH UDQNHG DFFRUGLQJ WR WKH
SROLF\DQG WKH WLPHIUDPHV ,WVKRXOGDOVREHQRWHG WKDW LW LV
QRW SRVVLEOH WR DFKLHYH WKH RSWLPDO VROXWLRQ IRU HDFK
VFHQDULRV EHFDXVH WKHUH DUH D ILQLWH QXPEHU RI DOWHUQDWLYHV
DYDLODEOH 7KHUHIRUH WKH EHVW DYDLODEOH VROXWLRQ KDV WR EH
VHOHFWHG7236,6PLPLFVWKHQDWXUHRIWKLVW\SHRIGHFLVLRQ
PDNLQJ SUREOHP DQG LV IRXQG WR WKH HIILFLHQW LQ LGHQWLI\LQJ
WKHEHVWDOWHUQDWLYHIRUHDFKRIWKHVFHQDULRV

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